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Background
Although colorectal cancer screening is cost-effective, it requires a considerable net investment by governments or insurance companies. If screening was cost saving, governments and insurance companies might be more inclined to invest in colorectal cancer screening programs. We examined whether colorectal cancer screening would become cost saving with the widespread use of the newer, more expensive chemotherapies.
Methods
We used the MISCAN-Colon microsimulation model to assess whether widespread use of new chemotherapies would affect the treatment savings of colorectal cancer screening in the general population. We considered three scenarios for chemotherapy use: the past, the present, and the near future. We assumed that survival improved and treatment costs for patients diagnosed with advanced stages of colorectal cancer increased over the scenarios. Screening strategies considered were annual guaiac fecal occult blood testing (FOBT), annual immunochemical FOBT, sigmoidoscopy every 5 years, colonoscopy every 10 years, and the combination of sigmoidoscopy every 5 years and annual guaiac FOBT. Analyses were conducted from the perspective of the health-care system for a cohort of 50-year-old individuals who were at average risk of colorectal cancer and were screened with 100% adherence from age 50 years to age 80 years and followed up until death.
Screening is another cornerstone for reducing the number of life-years lost because of colorectal cancer. Colorectal cancer is particularly well suited for screening because of its long preclinical phase and the favorable survival of patients whose disease is detected at an early stage. Randomized controlled trials have shown that biennial and annual screening with an unrehydrated guaiac-based fecal occult blood test (FOBT) (Hemoccult II; SmithKline Diagnostics, Palo Alto, CA) can reduce colorectal cancer mortality by 15% -33% ( 5 -9 ) . Although the extent of the effi cacy of screening by endoscopy for the prevention of colorectal cancer has yet to be demonstrated in prospective randomized controlled trials ( 10 -14 ) , several case -control studies suggest that endoscopic screening is associated with a 50% -90% reduction in colorectal cancer incidence and mortality ( 15 -17 ) . Colorectal cancer screening not only is an effective tool for reducing colorectal cancer mortality but also has been estimated to reach this goal at acceptable costs ( 18 ) . For example, in fi ve cost-effectiveness analyses, the estimated average cost per lifeyear gained of screening with Hemoccult II ranged from $5691 to $17 805 ( 18 ) . These estimates are well below the frequently used cost-effectiveness threshold for medical interventions of $50 000 per life-year gained. Also below this threshold are the estimated average costs per life-year gained of screening with colonoscopy, with estimates ranging from $9038 to $22 012 per life-year gained, and with sigmoidoscopy, with estimates ranging from $12 477 to $39 359 ( 18 ) .
Although these cost-effectiveness ratios are quite favorable, colorectal cancer screening still requires a considerable net investment by insurance companies and governments, which has resulted in some hesitancy to implement colorectal cancer screening programs. However, none of these cost-effectiveness studies took into account the marked increase in treatment costs for colorectal cancer. It is interesting that although treatment costs for advanced colorectal cancer (and thus the savings when these cancers are prevented) have increased substantially over the past decade ( 3 , 19 ) , the costs of screening have remained stable ( 20 , 21 ) . To our knowledge, no studies have explicitly evaluated the effect of increasing treatment costs on the savings from colorectal cancer screening. This topic is of particular importance for the many countries worldwide that are currently deciding whether to introduce population screening programs for colorectal cancer. If screening were to become cost saving, governments and insurance companies might be more inclined to invest in colorectal cancer screening programs because these investments would be recovered in the near-term future. In this analysis, we used the MISCAN-Colon microsimulation model to test the hypothesis that colorectal cancer screening would become cost saving with the widespread use of new chemotherapeutic agents.

MISCAN-Colon Microsimulation Model
The MISCAN microsimulation model was developed at the Department of Public Health (Erasmus MC, University Medical Center, Rotterdam, the Netherlands) and has been used to evaluate screening programs for breast, cervical, colorectal, and prostate cancers. The colorectal cancer version of the MISCAN-model, MISCAN-Colon, was developed in collaboration with the US National Cancer Institute and experts in the field of colorectal cancer to evaluate colorectal cancer intervention programs and policies. The MISCAN-Colon model is part of the Cancer Intervention and Surveillance Modeling Network of the National Cancer Institute ( 22 ) . A detailed description of the model and the data sources that inform the quantification of the model can be found in Supplementary Appendix 1 (available online), in previous studies performed with the model ( 23 -25 ) , and in a standardized model profile ( 26 ) . Briefly, the MISCAN-Colon model simulates the relevant biographies of a large population of fictitious individuals from birth to death, first in the absence of screening and subsequently with the changes that are predicted to occur under the implementation of a screening program. Colorectal cancer is assumed to arise in this population according to the adenomacarcinoma sequence, in which every cancer is preceded by an adenoma ( 27 , 28 ) . The model assumed that more than one adenoma could occur in an individual and that each adenoma can independently develop into colorectal cancer; adenomas can progress in size from small (1 -5 mm) to medium (6 -9 mm) to large ( ≥ 10 mm)
CONTEXT AND CAVEATS
Prior knowledge
Colorectal cancer screening is cost-effective, but it requires a substantial net investment to implement. It is not known if colorectal cancer screening would become cost saving with the widespread use of the newer, more expensive chemotherapies for this disease.
Study design
The MISCAN-Colon microsimulation model was used to assess the treatment savings of colorectal cancer screening by annual guaiac fecal occult blood testing (FOBT), annual immunochemical FOBT, sigmoidoscopy every 5 years, colonoscopy every 10 years, and the combination of sigmoidoscopy every 5 years and annual guaiac FOBT in the general population in three chemotherapy treatment scenarios: the past, the present, and the near future.
Contribution
The treatment savings from screening were more than twice as high in the near-future scenario with the widespread use of expensive new chemotherapies than in the past scenario for all test strategies. This increase in savings makes screening with all strategies except colonoscopy cost saving.
Implications
Screening is a desirable approach not only to reduce colorectal cancer incidence and mortality but also to control the costs of colorectal cancer treatment.
Limitations
The increase in treatment costs from the present scenario to the near-future scenario may have been underestimated because therapies other than chemotherapy that increase treatment costs and survival were not included in this analysis. All patients with advanced disease, including elderly patients with comorbidities, were assumed to have received the new chemotherapies in the near-future scenario. The model also simulates the point at which screening interrupts the development of colorectal cancer. During screening, adenomas may be detected and removed, preventing colorectal cancer incidence and thereby mortality. Also cancers may be found during screening, usually in an earlier stage than when identifi ed during clinical diagnosis. Because we assumed the same stagespecifi c survival for screen-detected cancers as for clinically diagnosed cancers, fi nding a cancer in an earlier stage improves prognosis and may further prevent colorectal cancer death. The life-years gained by screening were calculated by comparing the model-predicted life-years lived in the population with and without screening.
From the Editors
The validity of the model has previously been tested. The validity of the model is based on observational data collected before the introduction of screening, such as clinical colorectal cancer incidence and mortality data ( 39 ) and the size distribution of adenomas in autopsy studies ( 29 -38 ) . The model has been further validated using the data from several large randomized screening and surveillance studies, such as the CoCap sigmoidoscopy study ( 23 ) , the Minnesota Colon Cancer Control Study ( 23 ) , and the National Polyp Study ( 40 ) . Finally, the model was able to reproduce the observed colorectal cancer incidence and mortality trends in the United States while accounting for how the secular trends in risk factor prevalence, screening practice, and chemotherapy treatment affected the natural history of the disease (ie, the adenomacarcinoma sequence). In this latter analysis, all model parameters were fi xed based on estimates from external (ie, non -Surveillance, Epidemiology, and End Results [non-SEER]) data sources. With these fi xed parameters, the model-predicted colorectal cancer incidence and mortality rates for 1980 -2002 were within 5% of the rates observed in SEER ( 41 ) .
Study Population
We used the MISCAN-Colon model to estimate the distribution of underlying disease for the 50-year-old US population in 2008 in terms of the presence, location, size, and type (adenoma vs preclinical cancer) of lesions. We conducted the microsimulation analysis of the effect of different screening strategies among a cohort of 10 million individuals beginning at age 50 years. The cohort was followed up until death.
Scenarios
We evaluated three treatment scenarios: "past," "present," and "near future." For the past scenario, we assumed that colorectal cancer survival and treatment costs were those observed for 1990 -1994. For the present scenario, survival and treatment costs for 1998 -2003 were assumed. Finally, for the near-future scenario, we assumed improved survival and increased treatment costs compared with the 1998 -2003 levels, based on the most recent clinical trial results ( 2 ) .
Screening Strategies
The screening strategies included the base case strategy of no screening and the five colorectal cancer screening strategies that are recommended by the American Cancer Society, the US MultiSociety Task Force, and the American College of Radiology ( 42 ) and the US Preventive Services Task Force ( 43 ) , which include an annual FOBT with unrehydrated Hemoccult II, annual immunochemical FOBT, sigmoidoscopy every 5 years, colonoscopy every 10 years, or annual Hemoccult II in combination with sigmoidoscopy every 5 years. In all scenarios, screening began at age 50 years and was discontinued after age 80 years.
Follow-up, Surveillance, and Adherence
We assumed that any simulated individual with a positive FOBT was referred for a follow-up colonoscopy. We assumed that all polyps detected during flexible sigmoidoscopy were biopsied, and any simulated person with an adenomatous polyp was referred for a follow-up colonoscopy. For the year in which both FOBT and flexible sigmoidoscopy were due, the FOBT was performed first and if positive, the simulated individual was referred for follow-up colonoscopy; flexible sigmoidoscopy was only performed for those with a negative FOBT. Simulated individuals with a negative follow-up colonoscopy returned to the original screening strategy. If adenomas were detected by colonoscopy, then the individual began surveillance with colonoscopy as recommended by the 2006 guidelines from the US Multi-Society Task Force, the American Cancer Society, and the American College of Radiology ( 44 ) . All individuals with one or two adenomas that were each less than 10 mm in size underwent colonoscopy surveillance every 5 years. Individuals with at least one adenoma greater than or equal to 10 mm in size or with three or more adenomas of any size underwent colonoscopy surveillance every 3 years. When the surveillance colonoscopy was normal or detected only one or two adenomas less than 1.0 cm in size, the next surveillance colonoscopy was scheduled for 5 years later.
We assumed that all simulated individuals were 100% adherent with screening, follow-up, and surveillance procedures. We specifi ed 80 years as the age to stop screening (ie, fi nal screening at age 80 years); however, all individuals with an adenoma detected continued to have surveillance colonoscopies until a diagnosis of colorectal cancer or death from other causes. All simulated individuals were followed up until death.
Colorectal Cancer Screening Test Characteristics
Our assumptions for sensitivity and specificity of the colorectal cancer screening tests ( Supplementary Appendix Table 1 , available online) were based on a literature review conducted for the Agency for Health Care Research and Quality ( 21 ) . Sensitivity and specificity were assumed to be independent of screening round and age. In addition, we assumed that 8% of persons without adenomas at sigmoidoscopy and 10% of persons without adenomas at colonoscopy incurred additional costs because of biopsy, removal, and pathology of nonadenomatous polyps. The rate of serious nonfatal complications was assumed to be 2.4 per 1000 colonoscopies ( 45 -48 ) . The rate of fatal events was assumed to be 0.1 per 1000 colonoscopies ( 49 ) .
Survival Estimates
Survival estimates by disease stage for the past and present scenarios were obtained from the SEER database for cancers diagnosed in 1990 -1994 and 1998 -2003, respectively ( 50 ) . For those diagnosed in 1998 -2003, we used the period estimation feature in SEER*Stat software to estimate long-term survival for diagnoses ( 50 ) . Survival estimates for the near-future scenario were derived by applying the hazard ratios for median survival from clinical trials ( 2 ) to the 1998 -2003 stage-specific relative survival rates. Thus, we assumed that the hazard ratios found in the trials could be generalized to the total population, despite the selection bias of healthy younger patients in these trials. Table 1 summarizes relative survival rates used in this analysis by disease stage and scenario.
Costs
This analysis was conducted from a health-care system perspective and included only direct medical costs (patient time costs and productivity costs were not included). The costs of colorectal cancer treatment for the past and present scenarios were derived from a comparison of costs for colorectal cancer case patients relative to those of control subjects without a cancer diagnosis matched by sex, age, and SEER registry area in merged SEER and Medicare files from 1990 -1994 and 1998 -2003, respectively ( 51 , 52 ) . Costs of care were divided into three clinically relevant phases of care: initial, continuing, and terminal care. The initial phase of care was defined as the first 12 months following diagnosis [the first 6 months following diagnosis for the past scenario, in concordance with cost data ( 51 ) ]. The terminal phase of care was defined as the final 12 months of life, and the continuing phase was defined as all months between the initial and terminal phases of care. The terminal care phase for colorectal cancer patients was further subdivided into terminal care preceding colorectal cancer death and terminal care preceding death from other causes. For patients who survived less than 24 months after diagnosis, the final 12 months of observation and costs of care were allocated to the terminal phase because the care for patients with short survival is more similar to the terminal phase than to the initial phase after diagnosis. The remainder of survival time was allocated to the initial phase (ie, none were allocated to the continuing phase). Treatment cost data were updated to 2007 dollars by using the medical care component of the Bureau of Labor Statistics Consumer Price Index ( 53 ).
The treatment costs in the near-future scenario were based on the present scenario costs and the drug prices as presented by Schrag ( 3 ) . For example, in the near-future scenario, we assumed that stage IV disease was initially treated with 5-FU in combination with oxaliplatin (FOLFOX). In the present scenario, we assumed that stage IV disease was treated with 5-FU in combination with irinotecan (FOLFIRI). The difference in drug costs between FOLFIRI and FOLFOX is approximately $2500 per cycle ( 3 ). We assumed that patients with stage IV disease received six drug cycles in the fi rst year of treatment. Thus, initial treatment for stage IV disease in the near-future scenario cost approximately $15 000 more than that in the present scenario. Because FOLFOX has also been proven to be effective for stage III disease ( 54 ), we assumed the same initial treatment and, thus, treatment costs for stage III disease as for stage IV disease. For the terminal care phase preceding colorectal cancer death (irrespective of the original stage at diagnosis), we assumed that six cycles of bevacizumab was added as second-line treatment, making terminal treatment $60 000 more expensive in the near-future scenario than in the present scenario. For the other phases of care, the costs in the near-future scenario were the same as in the present scenario. The fi nal cost inputs used in the model are summarized in Table 2 .
The unit costs for screening ( Table 3 ) were based on 2007 Medicare payments for procedures and tests associated with colorectal cancer screening and complications of screening, including Note: CRC, colorectal cancer * Costs for care were divided into three clinically relevant phases of careinitial, continuing, and terminal care. The initial phase was defined as the first 12 months following diagnosis, the terminal phase was defined as the final 12 months of life, and the continuing phase was defined as the period between the initial and terminal phases of care. The terminal care phase for colorectal cancer patients was further subdivided into terminal care preceding colorectal cancer death and terminal care preceding death from other causes. For patients surviving less than 24 months after diagnosis, the final 12 months of observation and costs of care were then allocated to the terminal phase. The remaining time was allocated to the initial phase, and no time was allocated to the continuing phase. patient co-payments ( 21 ) . The unit costs of treatment of complications of screening ( Table 3 ) were based on the relevant diagnosisrelated group codes ( 21 ) .
Outcomes
For each of the three treatment scenarios, we simulated the number of incident colorectal cancers per 1000 individuals by stage, and treatment and screening costs for the strategy of no screening and for the five screening strategies. Costs and savings were also presented by the time (in years) since the screening program was initiated to examine how the difference between costs and savings develops over time. All costs were discounted at an annual rate of 3%.
Sensitivity Analysis
To investigate the robustness of our results to modeling assumptions, we evaluated the following alternative assumptions: 1) progression of adenomas at half and double the rates of the base case value; 2) colorectal cancer risk at half and double the rate of the base case value; 3) colonoscopy costs 25% lower and higher than the base case value; 4) costs of the new chemotherapies 25% lower and higher than the base case value; 5) discount rates of 0% and 5% instead of the 3% in the base case; and 6) only 75% of colorectal cancer patients receive the new chemotherapies instead of 100% as in the base case. Finally, we repeated the base case analysis 100 times to evaluate the robustness of the model results for sampling variability. Because the main focus of this article was to test the hypothesis that colorectal cancer screening would become cost saving with the widespread introduction of new chemotherapies, we only present results of the sensitivity analysis for the near-future scenario.
Results
Because the natural history of colorectal cancer and the sensitivity of the screening tests remained unchanged between the treatment scenarios, the number of colorectal cancers (screen-detected and clinically diagnosed cancers) per 1000 individuals by stage for each screening strategy was the same for all treatment scenarios ( Table 4 ) . According to the model, without screening, 66 per 1000 simulated 50-year-old individuals were clinically diagnosed with colorectal cancer in their lifetime, corresponding to a lifetime background risk of 6.6%. Almost 50% of the patients in the no-screening situation were diagnosed with late-stage (stage III or IV) disease. With screening (assuming 100% adherence), the number of cancers prevented per 1000 individuals ranged from 24 (37%) with annual Hemoccult II screening to 36 (56%) with colonoscopy screening every 10 years. Screening improved the stage distribution in that it decreased the number of colorectal cancers in stages II, III, and IV and increased the number in stage I. The percent reduction in cancers in stages II -IV for all five screening strategies compared with no screening was similar; there were fewer stage I cancers with the endoscopy strategies than with the FOBT strategies.
For all screening strategies, the savings from cancers and cancer deaths that were prevented by screening increased progressively from the past scenario to the present and near-future scenarios ( Table 5 , Figure 1 ). Because the per-person costs of treatment increased, for the most part, for stages III and IV between the scenarios ( Table 2 ) and the incidence reduction of cancers in these stages was similar for all test strategies ( Table 4 ) , the increase in total savings from the past to the near-future scenario was also similar for all tests. On average, total savings increased by 43% from the past scenario to the present scenario and by another 56% from the present scenario to the near-future scenario. Because screening costs remained stable over all scenarios ( Table 5 , Figure 1 ), the absolute total net costs of screening decreased at the same rate as the absolute treatment savings increased. As a result, for the nearfuture scenario, the lifetime average treatment savings were larger than the lifetime average screening costs for screening with Hemoccult II, immunochemical FOBT, sigmoidoscopy, and the combination of sigmoidoscopy and Hemoccult II (average savings vs costs per individual in the population: Hemoccult II, $1398 vs $859; immunochemical FOBT, $1756 vs $1565; sigmoidoscopy, 
$1706 vs $1575; sigmoidoscopy and Hemoccult II $1931 vs $1878).
For colonoscopy, the screening costs remained larger than the treatment savings ($2254 vs $1958), but the total net costs of this strategy decreased from $1317 per individual in the population in the past scenario to $296 in the near-future scenario. We plotted the net per-person costs of the different screening strategies over time for the near-future scenario ( Figure 2 ). Because most of the screening costs occur immediately after the introduction of a program but the savings do not begsin to accumulate substantially until some years later, the screening strategies do not become cost saving until after several decades. Hemoccult II was the screening strategy for which the savings from treatment outweighed the costs in the shortest amount of time after initiation of the screening program. This strategy became cost saving 26 years after the start of the program. Immunochemical FOBT, sigmoidoscopy, and the combination of sigmoidoscopy and Hemoccult II Figure 2 . Cumulative net costs (including costs of screening, diagnostic follow-up, and surveillance and savings of treatment) of screening a cohort for colorectal cancer from age 50 years to age 80 years, by screening strategy and the number of years since start of screening for the near-future scenario (per individual in the population) with net costs 3% discounted to start of screening. The curves for the screening strategies that include endoscopy show a sawtooth pattern because of the long screening interval. In the fecal occult blood test (FOBT) strategies, screening costs are accumulated each year and these curves therefore have a smooth pattern. became cost saving more than 37, 40, and 44 years, after the respective screening programs were initiated.
Sensitivity Analysis
Only the Hemoccult II screening strategy remained cost saving in the near-future scenario for all six alternative model assumptions ( Table 6 ). Immunochemical FOBT, sigmoidoscopy, and the combination of sigmoidoscopy and Hemoccult II were no longer cost saving when colonoscopy costs were 25% higher than the base case value, when costs were discounted at an annual rate of 5%, or when colorectal cancer risk was half the base case value. All strategies were cost saving when colonoscopy costs were 25% lower than the base case value, when costs were discounted at an annual rate of 0%, or when colorectal cancer risk was double the base case value. Surprisingly, the results for most of the screening strategies were robust for increases and decreases in chemotherapy costs and the proportion of patients receiving chemotherapy. The combination of sigmoidoscopy with Hemoccult II was the only screening modality other than colonoscopy that was no longer cost saving when the chemotherapeutics costs decreased by 25% or chemotherapeutics were administered to 25% fewer patients compared with the base case values. With a doubling of the adenoma progression rate, only the Hemoccult II and immunochemical FOBT strategies remained cost saving, whereas with half the adenoma progression rate, all strategies except colonoscopy were cost saving.
The results were robust for sampling variability: Hemoccult II, immunochemical FOBT, sigmoidoscopy, and the combination of sigmoidoscopy and Hemoccult II were cost saving in all 100 repeat simulations, whereas colonoscopy was not. The difference in net costs of screening between the simulation run with maximum net costs and the simulation run with minimum net costs was $14 -$17, depending on the screening strategy.
Discussion
We found that the treatment savings from screening were more than twice as high in the near-future scenario (with expensive chemotherapies, such as oxaliplatin for stage III and IV disease and bevacizumab and cetuximab for stage IV disease) than in the past scenario for all test strategies. This increase in savings makes screening with Hemoccult II, immunochemical FOBT, sigmoidoscopy, and the combination of sigmoidoscopy and Hemoccult II cost saving. Although colonoscopy did not become cost saving in the near-future scenario, the total net costs of this strategy decreased substantially. Because colonoscopy screening reduces colorectal cancer incidence more than any other screening strategy according to the model ( Table 4 ) , we anticipated that the increase in per-person treatment costs from the past to the near-future scenario would have the largest impact on savings from colonoscopy. Although the savings with colonoscopy screening were the greatest, they were not substantially greater than the savings from immunochemical FOBT because the additional incidence reduction from colonoscopy screening is mostly in stage I cancers, for which treatment costs have risen only slightly.
The crucial assumption in this analysis was that treatment costs increase rapidly over time, whereas screening costs remain stable. Observations in the recent past confi rm this assumption. For example, from 1990 -1994 to 1998 -2003, treatment costs per person have increased by up to 200%, depending on the stage of disease at diagnosis ( 51 , 52 ) , whereas unit screening costs have not ( 20 , 21 ) . The treatment costs in the near-future scenario were based on increases in price between the current chemotherapies (5-FU and FOLFIRI) and newly available chemotherapies (FOLFOX and bevacizumab). However, the treatment costs for these new drugs may eventually decrease when they are available as the generic forms, which would decrease the treatment savings from screening. The sensitivity analysis showed that even with chemotherapy costs that were 25% lower than the base case value, three of the fi ve screening strategies still remained cost saving. However, treatment costs have a tendency to increase despite wide-scale application of chemotherapies ( 51 , 52 ) . Furthermore, we do not expect to have seen the end of developments in chemotherapy for colorectal cancer. The second-line treatment of bevacizumab for recurrent disease is already being investigated as fi rst-line treatment for stage IV disease ( 55 ) and as adjuvant therapy for stage III disease and advanced stage II disease ( 56 ) . These developments are likely to further increase the treatment savings from screening. By using different cost value inputs, additional savings from screening with these newer chemotherapy standards can be calculated ( see Appendix Table 1 ). * FOBT = fecal occult blood test; NA = not applicable. † Adenoma progression rate: low value = half the base case value, high value = double the base case value; Colorectal cancer risk: low value = half the base case risk, high value = double the base case risk; Colonoscopy costs: low value = 25% lower than the base case, high value = 25% higher than the base case; Costs of new chemotherapies: low value = 25% lower than the base case, high value = 25% higher than the base case; Discount rate: low value = 0%, high value = 5%; % of patients who get new chemotherapies: low value = 75%.
This study has several limitations. First, we did not include therapies other than chemotherapy, such as radiotherapy for rectal cancer and extensive surgery for metastatic disease in this analysis, which continue to become more widely available, further increasing treatment costs and survival. We may, therefore, have underestimated the increase in treatment costs from the present scenario to the near-future scenario. Second, we assumed that all patients with stage III or IV disease received the new chemotherapies in the near-future scenario, whereas in actual practice, elderly patients with comorbidities probably will not receive the full dose or will receive no chemotherapy at all. Incorporating a lower dissemination of chemotherapy in elderly patients into the model would limit the increase in treatment costs and thus the savings from screening. Because in the present scenario the treatment savings from FOBT screening were already close to the screening costs, our conclusion that colorectal cancer screening is cost saving was robust to these uncertainties.
The new chemotherapies will not only increase treatment costs but will also decrease colorectal cancer mortality by postponing or sometimes even preventing colorectal cancer death. Because of this improved survival, fewer people will die of colorectal cancer and fewer life-years will be gained by screening. However, the shifting balance between the screening costs and the treatment savings of colorectal cancer screening with the introduction of new chemotherapies refl ects the higher costs per life-year saved of these new treatments compared with screening. It is therefore important to realize that with the introduction of expensive chemotherapies that have high costs per life-year gained, screening becomes increasingly more cost-effective. We purposely did not present the effects of the different screening strategies because no results from randomized controlled trials on the effi cacy of endoscopy screening are available. Therefore, modeling results indicating that one test is superior to another would be preliminary because the model may have overestimated or underestimated the potential effi cacy of endoscopy screening, mainly because of uncertainty about the progression rate of adenomas. The aim of this analysis was therefore not to recommend one screening strategy over another but rather to examine whether colorectal cancer screening in general would become cost saving with the introduction of new and expensive chemotherapies.
We assumed 100% adherence with screening, diagnostic follow-up, and surveillance. This assumption would not infl uence the results of our analysis. Incomplete adherence to screening would decrease screening costs and treatment savings proportionally, such that the relative difference between screening costs and treatment savings would not be infl uenced. In the case of occasional adherence to screening (some but not all screening rounds are attended by an individual), the savings from screening would even increase somewhat more than the screening costs.
Most of the previous US cost-effectiveness studies did not fi nd that colorectal cancer screening was cost saving ( 18 ) . However, those studies were conducted before the widespread introduction of the new expensive chemotherapies and therefore used lower estimates for colorectal cancer treatment costs than we assumed in the near-future scenario. To determine whether our estimates were within an order of magnitude of those used in these previous studies, we tried to estimate what the net costs of screening for these other models would be with higher treatment costs. Only two of the previous cost-effectiveness studies provided suffi cient data on the number of colorectal cases and deaths with and without screening to allow a rough estimate of what the additional savings would be with higher treatment costs ( 20 , 57 ) . We calculated the additional treatment savings in these studies by multiplying the number of colorectal cancers prevented by the average difference in initial treatment costs between the present scenario and the near-future scenario ($15 000 undiscounted [ Table 2 ], to incorporate discounting we discounted this difference by 3% for a period of 25 years as an average in the multiplication [$7164]) and the number of colorectal cancer deaths prevented by the average difference in terminal phase of care costs ($60 000 undiscounted, or $28 656 with 3% discounted for a period of 25 years) and summing these two multiplications. For the study by Sonnenberg et al. ( 20 ) , this summation amounted to an additional savings per 100 000 individuals of $20 million for FOBT, $44 million for sigmoidoscopy, and $95 million for colonoscopy. FOBT and colonoscopy screening would thus be cost saving with the higher treatment costs. Sigmoidoscopy screening did not become cost saving, but the test costs assumed by Sonnenberg et al. for sigmoidoscopy screening were considerably higher than those in our study. For the study by Ladabaum et al. (57) , the additional savings was $855 per individual. With these additional savings, the net costs of colonoscopy screening would decrease from $1150 per individual to $295 per individual, a similar decrease as estimated in our study.
Three earlier studies concluded that sigmoidoscopy and colonoscopy screening were cost saving ( 25 , 58 , 59 ) . In this study, colonoscopy screening was not cost saving mainly because of the higher costs we assumed for colonoscopy. The cost estimates in this study were based on Medicare reimbursement rates, whereas those in the earlier studies refl ect (European) costs in organized screening programs. In Europe, the newly available chemotherapies are as expensive as they are in the United States ( 60 ) , but the screening test costs are lower ( 58 , 59 , 61 ) . Therefore, treatment savings from screening in Europe would be comparable with those in the United States, although the screening costs are lower, making the net savings from screening in Europe even greater than those in the United States. For example, the current reimbursement rate for a screening colonoscopy in Germany is approximately one-third of that in the United States ( 59 ) . Assuming the German reimbursement rate for colonoscopy, colonoscopy screening would become cost saving, even more so than Hemoccult II screening. The immunochemical FOBT that is mostly used in Europe (OC-Hemodia Latex; Eiken Chemical Co, Tokyo, Japan) costs approximately the same as a Hemoccult II test ( 62 ) . Assuming these costs for immunochemical FOBT instead of the costs assumed in this analysis would make immunochemical FOBT even more cost saving than we estimated.
This analysis revealed that it takes 25 -40 years after the start of a screening strategy before the treatment savings of that strategy outweigh its costs. This fi nding has important implications for insurance companies. If insurers anticipate that benefi ciaries will not stay in their program for more than 5 years, they may be less inclined to cover a colorectal cancer screening program despite the long-term savings of such a program. In the United States, most * Costs for care were divided into three clinically relevant phases of care -initial, continuing, and terminal care. The initial phase was defined as the first 12 months following diagnosis, the terminal phase was defined as the final 12 months of life, and the continuing phase was defined as the period between the initial and terminal phases of care. The terminal care phase of colorectal cancer patients was further subdivided into terminal care preceding colorectal cancer death and terminal care preceding death of other causes. For patients surviving less than 24 months after diagnosis, the final 12 months of observation and costs of care were then allocated first to the terminal phase. Table 3 in the main text ($3 519 000), which also includes the costs for diagnosis of colorectal cancer ($29 000).
people move from having private health insurance before age 65 years to relying on government-subsidized coverage through Medicare at age 65 years. Our fi ndings suggest that private insurance companies will bear most of the colorectal cancer screening costs, whereas Medicare will reap the most benefi ts in terms of treatment savings. Therefore, insurance companies may still not be inclined to implement screening programs, unless Medicare is willing to share some of the screening costs for those younger than 65 years. There are good incentives for Medicare to consider sharing these costs. Considering that it takes, on average, 25 -40 years from the start of a screening program before the savings outweigh the costs, screening in the elderly alone will probably not be cost saving: There is insuffi cient survival time for all screening costs to be earned back. Medicare would therefore benefi t from an investment in screening at ages younger than 65. In Europe, screening programs are mostly organized by local or national governments. Thus, both the short-term screening costs and the longterm treatment savings involve the same organizing party and there will be more inclination to implement a colorectal cancer screening program.
In conclusion, the increasingly costly management of colorectal cancer will approximately double the treatment savings from screening. Consequently, FOBT, sigmoidoscopy, and the combination of sigmoidoscopy and FOBT will become cost saving and colonoscopy screening nearly so. The results are based on US data, but will, as reasoned before, probably also be applicable to Europe. Given the potential cost savings from screening, screening not only is desirable from the perspective of governments and insurance companies to reduce colorectal cancer incidence and mortality but also will help to contain the increasing costs for the management of colorectal cancer.
